Ying[M.S. Ying, Linguistic quantifiers modeled by Sugeno integrals, Artificial Intelligence 170(2006) 581-606] studied a framework for modeling quantifiers in natural languages in which each linguistic quantifier is represented by a family of fuzzy measures and the truth value of a quantified proposition is evaluated by using Sugeno integral. In this paper, we consider interval-valued fuzzy measures and interval quantifiers which are the generalized concepts of fuzzy measures and quantifiers, respectively. We also investigate logical properties of a first order language with interval quantifiers modeled by the Sugeno integral with respect to an interval-valued fuzzy measures.
Introduction
Linguistic terms can be characterized as linguistic variables via fuzzy sets proposed by Zadeh in 1965( [16] ). The existing definitions of linguistic quantifiers are all based on fuzzy sets, the non-decreasing fuzzy quantifiers most, almost all, and at least half with membership function
characterized by parameters   ,  and , respectively. M.S. Ying [15] studied that ligquistic quantifiers modeled by Sugeno integral which was defined by Sugeno [11, 12] .
In order to characterize the higher level uncertainty associated to linguistic weights, it is more reasonable to define a linguistic quantifier by using interval-valued fuzzy measures. Note that we will define Sugeno integral with respect to an interval-valued fuzzy measure (see [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] 14, 18] ).
In this paper, we study interval-valued quantifiers based on Sugeno integral with respect to an interval-valued fuzzy measure. In section 2, we list the definitions and some properties of fuzzy measures, linguistic quantifiers, and Sugeno integrals. In section 3, we consider interval-valued fuzzy measures and interval-valued quantifiers and investigates some properties of them.
Sugeno integrals and linguistic quantifiers
In this section, we list some notations and fundamental results needed in the sequel from the theory of fuzzy measures and Sugeno integrals. Let    and   be a measurable space. 
We remark that   expresses someones's subjective evaluation of the statement " is in " in a situation in which he guesses whether  is in  . We consider fuzzy quntified statements, namly, proposition of the form " are  ". Let    be the set of all fuzzy measures. Then we will define a fuzzy quantifier and introduce a partial order between fuzzy quantifiers and three operations of fuzzy quantifiers as followings. (1) We say that   is stronger than   , written   ⊑   , if for any nonempty set  and for any  ∊   , we have
(2) The dual   of , and the meet   ⊓  and the union of   and   are defined respectively as follows;
for any nonempty set  and for any  ∊   ,
We also introduce a first order logical language   with linguistic quantifiers. The alphabet of our language   is given as follows:
(i) A denumerable set of individual variables: 
interval-valued Linguistic quantifiers and interval-valued fuzzy measures
Throughout the paper,  is the unit interval and This means that fuzzy quantification degenerates on a singleton discourse universe. To conclude this section, in the case of finite discourse universe we give a necessary and sufficient condition under which the truth value of an interval-valued quantified proposition is bounded by a given threshold value from up and below. By the same method of the proof of Theorem 3.10, we easily obtain the following proposition. 
